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ABSTRACT

Following discovery of several oil and gas
accumulations in the allochthonous units underly-
ing the Neogene Vienna Basin and in the
autochthonous series of the Molasse foreland
basin, exploration for hydrocarbons commenced in
the late 1950’s also in the Alpine Flysch Zone and
the nappes of the Calcareous Alps.

Targets were Mesozoic and Paleogene series
covering the sub-thrust authochthonous basement
of the European foreland, which dips as a gentle
monocline at least 65 km beneath the Alpine
nappes, as well as the Mesozoic series involved in
these nappes. Autochthonous reservoir rocks com-
prise Middle Jurassic and Cretaceous sandstones,
Late Jurassic carbonates and Eocene and
Oligocene sandstones. In analogy with the reser-
voirs of the oil and gas fields dicovered beneath
the Neogene sedimentary fill of the Vienna basin,
Triassic dolomites present a potential objective
within the nappes of the Calcareous Alps. In the
western parts of the Austrian Alps. autochthonous
Triassic and Early Jurassic, as well as the
allochthonous Mesozoic sediments of the Helvetic
nappes present possible targets.
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East of the basement spur, which projects
from the Bohemian Massif under the Alpine-
Carpathian nappes, autochthonous Late Jurassic
shales form a major source-rock; west of this spur,
basal Oligocene shales have excellent source-rock
characteristics. Within the allochthonous units sev-
eral potential source-rock intervals are recognized.
Maturation of source-rocks was achieved during
thrust-loaded subsidence caused by the emplace-
ment of the Alpine nappes.

Exploration activity in Alpine Austria
includes surface geological mapping. gravity and
magnetic surveys and the acquisition of 5000 km
of 2D reflection-seismic lines and two 3D surveys.
Within the Flysch Zone and the Helveticum 24 and
within the Calcareous Alps 8 exploration wells
were drilled. The deepest well reached a total
depth of 6028 m. In addition a number of wells
were drilled in the imbricated sub-Alpine Molasse.

Near Vienna, the large Hoflein gas field was
discovered in the autochthonous Mesozoic series
beneath the Flysch Zone. In Upper Austria, the
well Molln-1 tested gas from Triassic carbonates of
the Calcareous Alps nappes. Exploration of the
Sub-Alpine Molasse yielded the light oil discovery
of well Miihlreit-1. Apart from Hbflein. all discov-
eries were subcommercial.

Horvate, F. (eds),
+ Enclosure 1. Parnis
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Exploration in the Alpine belt of Austria has
met with only limited succes due to poor structural
definition of prospects involving either autochtho-
nous or allochthonous series. In this respect. the
complexity of overburden geometries and topo-
graphic constraints on recording sufficiently dense
reflection-seismic grids played an important role.
Although all ingredients for a successful explo-
ration play appear to exist within the Austrian
Alpes, the nsk/reward ration must be considered as
lopsided under todays oil and gas price scenario.

INTRODUCTION

Austria can look back at a long and successful
hydrocarbon exploration history (Brix and Schultz,
1993). The first commercial oil discovery was
made 1934 with the drilling of well Gésting-2 in
the Neogene Vienna Basin. In 1949 the very large
Matzen oil field was found in the same basin; this
field remained for a long time the largest oil accu-
mulation found in Europe. In 1959 the first gas
accumulation was found in fractured Triassic car-
bonates, involved in the nappes of the Calcareous
Alps, forming the substratum of the Vienna Basin;
this discovery was followed by a number of addi-
tional oil and gas discoveries in similar reservoirs
and tectonic setting. Exploration of the Molasse
Basin commenced in the mid 1950°s and was
rewarded in 1956 with a first oil discovery in
Upper Austria and in 1960 with a gas discovery in
Lower Austria, By now remaining recoverable
reserves in established accumulations of Austria
amount to 14.5 - 100 ¢ of oiI and condensate
(107 - 106 bbls) and 19.6 - 109 m3 gas (0.73 TCF),
O|| pmdu;tmn peaked in 1955 with 3.7 t/year
. 106 bb!b_?’t..dl’} and gas production in 1978
wnth 2 - m-/year (73 BCF/year). In 1994 total
oil and cnndensalc production amounted to

2 - 10 t and total gas production to 1.5 - 107 m?,
Both 01l and gas production are presently slightly
declining.

Following the exploration successes in the
Molasse Basin and the substratum of the Vienna
Basin, interest in exploration of the Austrian Alps

gradually increased during the late 1950s. Initial
exploration efforts were directed at the autochtho-
nous Mesozoic and Paleogene strata but later also
al the series of the Calcareous Alps. In 1959 the
well Texing-1 was the first well which spudded in
the Flysch Zone and reached the autochthonous
Molasse. In 1966 the first well drilled in the Cal-
careous Alps, Urmannsau-1, was located in a tec-
lonic window in the vicinity of an oil seep and
bottomed at 3033 m in the autochthonous Molasse.
Both wells failed to discover hydrocarbons but
were in so far important as they proved that the
Calcareous Alps, Flysch, Klippenbelt and Helvetic
Zone were thrusted over autochthonous Tertiary
and Mesozoic sediments covering the gently south-
wards dipping basement of the foreland. By now
32 exploration wells (Fig. 1) and 10 production
wells (gas-condensate field Hoflein) have been
drilled in the Alpine allochthon; additional wells
are located in the imbricated Sub-Alpine Molasses.

GEOLOGICAL SETTING

Figure | provides an overview of the structur-
al framework of Alpine Austria and its foreland.
The Calcareous Alps (Kalkalpen), forming the oro-
genic lid of the Alpine stack of nappes, consist of
the lower, middle and upper Austroalpine nappes:;
these were derived from the southern margin of the
South Pennininc trough. During the Cretaceous
gradual closure of the Alpine Tethys, these nappes
were transported northwestwards (Ring et al.,
1989; Eisbacher et al., 1990; Froitzheim et al.,
1994; Neubauer, 1994). During the Senonian and
Paleocene, increasing collisional coupling between
the rising Alpine orogen and its European foreland
15 reflected by compressional deformation of the
latter. resulting in basin inversion and upthrusting
of basement blocks forming the Bohemian Massif

(Ziegler, 1990). During the Paleogene, the Aus-

troalpine nappes, together with the Pennininc and
Helvetic nappes, advanced northwards and over-
rode the European foreland (Ratschbacher et al.,
1991). causing the flexural subsidence of the
Molasse Basin. By late Oligocene-early Miocene

Source . MNHN Pans
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times, the entire nappe system was emplaced near
its present position. While thrust activity persisted
into late Miocene times in Lower Austria, early
Miocene series seal the thrust front in Upper Aus-
tria. Results of deep exploration wells and reflec-
tion seismic data show that the European foreland
crust dips gently southwards under the Alpine
nappes and extends at least 65 km to the south of
the present Alpine thrust front (Encl. 1).

Hydrocarbon exploration in Alpine Austria is
restricted to the Calcareous Alps, the Flysch and
Helvetic Zones and the sub-Alpine Molasse.
Potential prospects occur in the the sub-thrust
autochthonous units and within the allochthonous
units.

Autochthonous Plays

The hydrocarbon habitat in autochthonous
sub-thrust sedimentary series can be extrapolated
from the updip. northward adjacent Molasse Basin
in which a large number of oil and gas fields has
been established. These produce variably from
Jurassic sandstones and carbonates. Cretaceous and
Eocene sands and Oligocene and early Miocene
sands of the Molasse sequence (Fig. 7; Kollmann
and Malzer, 1980; Krill, 1980a).

Productive structures, involving Eocene and
older reservoirs, are controlled by antithetic and to
a lesser degree by synthetic normal faults; these
developed during the Oligocene thrust-loaded
rapid subsidence of the Alpine foreland. Such
faults have generally throws of the order of 100 to
300 m. There are occasional examples of
Oligocene extensional faults which were compres-
stonally reactivated during the late phases of the
Alpine orogeny. Only the well Perwang-1 encoun-
tered imbrications of Eocene and Late Cretaceous
autochthonous series. Traps controlled by pre-Ter-
tiary faults play a subordinate role. Oil and oil/gas
accumulations are essentially restricted to Eocene
and older reservoirs. Oligocene and Miocene sands
contain in stratigraphic and differential compaction
structures biogenic gas.

Along the strike of the Molasse Basin, the
thickness and composition of Mesozoic and Paleo-
gene strata varies considerably. This can be attri-

buted mainly to the basal onlap geometry of Meso-
zoic strata against the Variscan basement, the
regional base-Cretaceous and basal Tertiary uncon-
formities, and the onlap geometry of the Eocene
and Oligocene sediments against the palaeo-relief
of the basal Tertiary erosional surface. These later-
al variations have a strong bearing on the availabil-
ity of reservoirs and source-rocks (Figs. 2 and 3).

West of Vienna, a spur of the Bohemian Mas-
sif projects deeply under the Alpine nappes. In this
area transgressive Oligocene sands and shales rest
directly on basement. The southwestern flank of
this palaeo-high is controlled by a major fault
(Steyer fault).

To the east of this spur, Permo-Carboniferous
clastics are unconformably overlain by Middle
Jurassic paralic and deltaic sands, involved in rota-
tional, extensional fault blocks (Fig. 3). These are
sealed by Late Jurassic carbonates which grade lat-
erally into basinal shales having an excellent
source-rock potential (Ladwein, 1988). The Juras-
sic sequence, which terminates with regressive
Tithonian carbonates, attains thicknesses of up 1o
2000 m. It 1s regionally truncated by an Early Cre-
taceous unconformity which is related to wrench-
deformations of the Bohemian Massif. Late
Cretaceous sands carbonates and marls, up to
900 m thick, are truncated by a second regional
unconformity which is related to compressional
deformations of the Bohemian Massif during early
Paleocene times. Oligocene transgressive sands
overstep this erosional surface and are in turn over-
lain by a Miocene shaly sequence. Jurassic carbon-
ates and sands form the reservoirs of several oil
and gas accumulations. Oligocene and Miocene
sands contain biogenic gas accumulations (Brix et
al., 1977 Kroll, 1980a; Wessely, 1987).

To the west of the Bohemian basement spur,
thin Middle Jurassic sands rest on basement and
are conformably overlain by Late Jurassic carbon-
ates attaining maximum thicknesses of some
750 m (Fig. 3). Rapid lateral thickness changes are
controlled by the basal Cretacecus unconformity
and associated faulting. Local porosity develop-
ments are related to fracturing and karstification of
the partly reefal Jurassic carbonates, Sedimentation
resumed with the lransgression of Apto-Albian
marine sands. Cenomanian glauconitic sands attain
thicknesses of 75 m and form, together with Mid-
dle Jurassic sands, the deeper reservoir of the

Source MNHN. Pans
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Voitsdorf field which is the largest o1l accumula-
tion of Upper Austria. These sands are capped by
Turonian and Senonian clays which grade towards
the Bohemian basement spur upwards into sands
derived from the Bohemian Massif. Late Creta-
ceous sediments reach maximum thicknesses of
about 1000 m. Transpressional deformations dur-
ing the Paleocene resulted in a profound disruption
of the Late Cretaceous shelf series and in erosion
cutting locally down through Jurassic series into
the basement. During the late Eocene, the Early
Tertiary erosional surface was overstepped by flu-
vial and shallow marine sands which grade
upwards into Lithothamnimum limestones. These
Eocene sands form an important reservoir [or oil
accumulations. Rapid deepening of the area at the
transition from the Eocene to the Oligocene was
accompanied by the deposition of the highly organ-
ic Fish-shales, which constitute the primary
source-rock for the oil accumulations of Upper
Austria and Salzburg and the adjacent area of
Bavaria . This rapid deepening phase was accom-
panied by the development on an array of essen-
tially basin-parallel, trap-providing antithetic and
synthetic normal faults. During the Oligocene,
influx of coarse clastics from the advancing Alpine
nappe system gave rise to the accumulation of the
turbiditic Puchkirchen conglomerate and sand fans.
Their southern parts were overridden during the
latest Oligocene-early Miocene emplacement of
the Alpine nappes. resulting in a narrowing of the
Molasse basin. The middle and late Miocene Hall
and Innviertel series were deposited under upwards
shallowing conditions. Deep-water sands of the
Puchkirchen and Hall series are charges by bio-
genic gas that is essentially stratigraphically
trapped (Kollmann and Malzer. 1980; Polesny,
1983; Nachtmann and Wagner, 1987).

In the western parts of the German Molasse
Basin, the Variscan basement is overlain by Trias-
sic sediments, a complete sequence of Early and
Middle Jurassic strata and progressively north-
wards truncated Late Jurassic carbonates. Creta-
ceous sediments have a limited distribution in the
eastern part of the Bavarian Molasse basin but are
thought to be more widespread under the Alpine
nappes. The effects of the basal Cretuceous and
Paleogene unconformities appear to be less intense
than in the Austrian Molasse Basin. Although
occurrence of the transgressive late Eocene sands

and Lithothaminium limestones is restricted to the
southern parts of the Bavarian Molasse Basin,
these are likely to be present in the autochthon of
the Alpine nappes. The same applies for the early
Oligocene Fish-shales source-rock. Additional
potential source-rocks are likely to occur in Middle
Triassic carbonates and the pelagic facies to Late
Jurassic carbonates (Bachmann et al., 1987; Bach-
mann and Miiller, 1991; Bachmann and Roeder.
this volume).

The subcop pattern of Mesozoic strata beneath
the basal Tertiary unconformity (Fig. 2) illustrates
that also in a subthrust position the distribution of
both reservoir and source-rocks is highly variable.
This pertains also to the distribution of Eocene
reservoirs and the basal Oligocene source-rock, as
illustrated by the results of the well Berndorf-1
which drilled through the nappes of the Calcareous
Alps, 40 km south of the Alpine thrust front. and
bottomed at 6028 m in Variscan basement after
penetrating a 35 m thick autochthonous Oligocene
conglomerate (Encl. 1; Wachtel and Wessely,
1981). On the other hand. rapid lateral changes can
be expected across Early Cretaceous and Paleocene
faults, as evident by the results of the wells Molln-
| and Griinao-1. drilled 35 km apart (Fig. 4).

Oligocene source-rocks attain maturity for oil
generation beneath the frontal parts of the Alpine
nappes and probably enter the gas window beneath
the internal parts of the Calcareous Alps. With
increasing overburden, clastic reservoirs loose their
porosities, Correspondingly, the sub-thrust play has
to contend with major reservoir and source rock
prediction uncertainties. Potential sub-thrust traps
are fault-bounded blocks having similar dimen-
sions as in the Molasse Basin, possible compres-
sionally reactivated Oligocene lensional structures
and broad arches (Encl. 1).

Allochthonous Plays

In the Eastern Alps. the wegde-shaped Alpine
system of nappes (Fig. 5) was thrusted by at least
100 km over the autochthonous floor, formed by
the European foreland (Fig. 6), The complex struc-
ture and stratigraphy of these nappes resulted from
multiple deformation phases, spanning Jurassic to

Source - MNHN Pars
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early Miocene times. These include Triassic to
Early Cretaceous rifting events, culminating in the
opening of oceanic basins, followed by the onset of
subduction processes during the Neocomian and
the Late Cretaceous collision of the Alpine oro-
genic wedge with the European foreland (Toll-
mann, 1973; Fliigel and Faupl, 1987). Collision of
the African and European plates controlled the
emplacement of the Alpine nappe systems and
contemporaneous deformation of the Alpine fore-
land far to the north of the Alpine thrust front
(Ziegler, 1987).

Remnants of the European passive margin
sedimentary prism are represented by the Helvetic
and the Klippen zones (Fig. 5). The Penninic zone,
corresponding to the central Tethyan region, out-
crops mainly in the Western and Central Alps and
is exposed in the Eastern Alps only in the Unteren-
gadin, Tauern and Rechnitz windows, This zone
comprises Palaeozoic to Mesozoic and Paleocene
metasedimentary and crystalline rocks, as well as
slices the oceanic crust which had formed during
the Jurassic and Cretaceous opening of the Tethys
(Janoschek and Matura, 1980). The Fysch Zone.
which forms part of the Penninic domain. outcrops
in a band paralleling the Alpine deformation front.

The Austoalpine nappes were derived from
domains located to the south of the Penninic zone,
corresponding to the Italo-Dinarid block (Frisch,
1979; Ziegler et al., this volume). They consist of
crystalline basement and its Palaeozoic and Meso-
zoic sedimentary cover. The Lower and Middle
Austoalpine units formed, palinspastically speak-
ing, the southern margin of the Penninic zone and
are characterized by a very low-grade metamorphic
Permo-Mesozoic facies belt. Further to the south,
the Upper Austoalpine units include the sedimenta-
ry sequences of the Palacozoic Grauwacken Zone
and the unmetamorphosed Permo-Mesozoic and
Paleogene sediments of the Calcareous Alps.

During the Cretaceous phases of the Alpine
orogeny, the Austroalpine nappes developed and
during the Paleogene they moved across the Pen-
ninic zone. The Upper Austroalpine nappes of the
Calcaresous Alps and the Grauwacken Zone over-
rode the Lower and Middle Austroalpine nappes
and now rest rootless on them and the Penninic fly-
sch, During the Oligocene and early Miocene the
entire stack of nappes advance further to the north

and was thrusted over the southern, proximal parts
of the Molasse foreland basin.

Exploration for hydrocarbons is concentrated
on the deformed zone of the Molasse Basin as well
as on the allochthonous Helvetic, Flysch and
Calacreous Alps zones.

The stratigraphy of the Calcareous Alpine
nappes, largely derived from outcrops, shows
major vertical and lateral variations. Nevertheless,
long-distance facies trends can be established for
the main tectono-stratigraphic units of the Calcare-
ous Alps. corresponding to the Bajuvaricum,
Tirolicum and Juvavicum, and the Flysch and Hel-
vetic zones (Fig. 7).

Nappes of the Calcareous Alps involve a sedi-
mentary sequence ranging in age from Permo-
Scythian to Paleocene. Middle and Late Triassic
platform carbonates attain thicknesses in the order
of several 1000 m. Late Triassic series are charac-
terized by lateral changes from lagoonal to reefal
carbonates and basinal facies partly having source-
rock characteristics. Jurassic series are dominated
by platform carbonates and basinal shales and car-
bonates. Cretaceous to Paleogene strata are domi-
nantly developed in a clastic facies.

The fractured Middle and Late Triassic Wet-
terstein and Hauptdolomite., having low matrix
porosities, present potential reservoirs. Limestones
constitute neither reservoirs nor seals. Potential
seals are provided by Permo-Scythian shales and
evaporites, shales and tight sandstones of the Late
Triassic Lunz formation and particularly by the
Cretaceous to Paleocene Gosau group. Basinal
shales and carbonates of Middle Triassic, Rhaetian
and Early Jurassic age are partly characterized by
elevated TOC values. Maturation of these potential
source-rocks depends on their position within the
nappe stack but is generally insufficient for the
generation of oils.

In the Flysch Zone of the Auvstrian Alps, lo
date no hydrocarbon accumulations have been
found, mainly due to a lack of porosity. In the
western Helvetic Zone, reservoir development can
be expected in Middle Jurassic sandstones, the
Late Jurassic Quinten Limestone (Miiller, 1985a
and 1985b) and the Early Cretaceous Schratten
Limestone, provided they were intensely enough
fractured during tectonic deformation (Miiller et
al., 1992).

Source  MNHMN. Parns
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STRATIGRAPHY AND HYDROCARBONS OF THE NORTHERN
MOLASSE (U. AUSTRIA) ALPS AND THEIR FOREDEEP IN EASTERN AUSTRIA
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Within the Calc-Alpine units, potential struc-
tural traps were formed during their folding and
thrusting. Unconformities, sealed by transgressive
Late Cretaceous and Paleocene Gosau sediments,
may provide for combination structural/stratigraph-
i¢ traps (Fig. 9). Discovery of a number of oil and
gas accumulations in Calc-Alpine units subcrop-
ping the Vienna basin has demonstrated that the
potential of such structural and combined structur-
al/stratigraphic traps (Kroll, 1980b). Hydrocarbon
charge to such traps is provided by the autochtho-
nous Oligocene Fish-shale west of the Bohemian
basement spur and by basinal Late Jurassic shales
in the Vienna Basin (Ladwein, 1988) and possibly
also by source-rocks contained in the allochtho-
nous units.

EXPLORATION RESULTS

During the exploration of the Austrian Alps
for hydrocarbons large gravity and magnetic sur-
veys were carried out. Extensive surface geological
mapping and structural analyses (Tollmann, 1976a.
1976b, 1985; Oberhauser, 1980) were followd by
the acquisition of 5000 km of 2D reflection-seis-
mic lines and the drilling of 32 exploration wells.
In two areas 3D seismic surveys were recorded
(Geutebriick et al., 1984).

In many areas the results of reflection-seismic
surveys are not conclusive. Often the autochtho-
nous section below the Alpine nappes gives rise Lo
hetter and more continuous reflections than the
allochthonous units. This is particularly true for
areas where the latter are characterized by steep
dips. However, in areas where the allochthonous
units display relatively low dips, their internal con-
figuration can be resolved by the seismic tool, as
seen, for instance, on the line given in Fig. 8 which
was recorded in the area of Salzburg (Kroll et al.,
1981). The 3D survey over the gas/condensate
field Hoflein was very successful, despite difficult
terrain, surface geological and environmental con-
ditions: it involved the recording of an irregular
grid using a mixed vibroseis and dynamite source.

Drilling activity involved the drilling of 24
exploratory wells in the Flysch Zone (16 OMYV, 8
RAG) and 8 wells (OMV) i the Calcareous Alps.
All wells drilled in the Flysch Zone bottomed in
crystalline basement with some encountering an
autochthonous Mesozoic sequence, albeit with
variable thickness and of different composition. Of
the 8§ wells drilled in the Calcareous Alps, 4 wells
bottomed in crystalline basement; of these, the
wells Molln-1 and Griinau-1 penetrated a thick
sequence of autochthonous Eocene and Mesozoic
sediments (Fig. 4). The remaining four wells
drilled in the Calcareous Alps terminated within
allochthonous units. In the western Helvetic Zone
of Voralberg, the well Au-1 was drilled to investi-
gate the potential of the Jurassic sequence (see
Fig. 1 and Encl. 1).

Exploration wells. which in combination with
geophysical data, permitted to construct the series
of structural cross-sections through the northern
parts of the Alps, given in Encl. 1. are the Austrian
wells Hoflein-1 (Griin, 1984), Berndorf-1 (Wachtel
and Wessely, 1981), Urmannsau-1 (Kroll and Wes-
sely, 1967). Mittelbach-Ul, Molln-1 and Griinau-|
(Wessely, 1988; Hamilton, 1989), Vordersee-1
(Geutebriick et al., 1984) and Vorarlberg Au-|
(Colins et al., 1990) and the German wells Vorder-
riss-1 (Bachmann and Miiller, 1981) and Hinde-
lang-1 (Miiller et al., 1992).

According to the results of the well Berndorf-
I, the nappe system of the Eastern Alps were trans-
ported during late Oligocene-early Miocene times
northward over a distance of at least 40 km over
the the autochthonous basement and its sedimenta-
ry cover. As such the autochthonous Mesozoic
series and the lower part of the Tertiary fill of the
Molasse Basin were protected from erosion. Af the
same time source-rocks were buried to sufficient
depth to generate hydrocarbons whereas diagenetic
processes accounted for a significant porosity and
permeability reduction in reservoir rocks. The fore-
land basement dips very gently under the Calcare-
ous Alps. The basement spur of the Bohemian
Massil corresponds to an axial culmination.

The Flysch and Helvetic zones form thrust
wedges in [ront of the Austroalpine nappes and
thin out beneath them or are missing completely.
Towards the West, the Helvetic Zone gains in
thickness and becomes more complete. Serpen-
tinites. encountered in the well Griinau, indicate

Source MNHN Paris
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SEISMIC SECTION THROUGH THE EXPLORATION WELL
VORDERSEE 1 IN THE CALCALPS OF SALZBURG

SAL 9111
1+ VORDERSEE 1

TR T b NS S P T ] e e g L
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FIG. 8. For location of well Vordersee 1, see Fig |. The well reached a total depth of 4264 m in the Bajuvaricum
which thins to the south of the well,
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that the Flysch Zone is of North Penninic origin. In
front of the Flysch Zone, the Molasse is folded and
thrusted. This Sub-Alpine Molasse is involved in
triangle zones in the West. On the Bohemian base-
ment spur the Sub-Alpine Molasse forms a narrow
belt, whereas towards the northeast, north of the
Danube, the so-called Waschberg Zone consists of
imbricated Molasse and Mesozoic series (Brix et
dl., 1977; Kréll, 1980a),

The Bajuvaricum, Tirolicum and Juvavicum
units of the Calcareous Alps. which all form part of
the Upper Austroalpine nappe system. display
along strike dramatic changes in stratigraphic con-
tent. thickness and facies development and, conse-
quently, in their structural style. Where Triassic
platform carbonates are thin, folding plays a more
important role than in areas of thick carbonates
which are dominated by a relatively flat lying
stacked thrust sheets.

The structural complexity of the Calcareous
Alps is illustrated in Fig. 9 which crosses the
“Weyrer Bogen" area, a transverse feature in the
central parts of the Calcareous Alps. This structure
originated by rotation, westward thrusting and
duplication of two Bajuvaricum units. The lower,
non rotated element is formed by the Ternberg and
Reichraming nappes, corresponding to the upper.
rotated element to the Frankenfels and Lunz
nappes. A thick sequence of Cretaceous Gosau
sediments, resting unconformably on the
Reichraming nappe separates the latter from the
Frankenfels and Lunz nappes. The well Unterlaus-
sa-1 penetrated the Gosau sequence and encoun-
tered beneath it tight Triassic rocks of the
Reichraming nappes. The objective of this well
was to test a combined structural/stratigraphic
prospect that is analogous to some of the gas accu-
mulations occurring beneath the Vienna Basin. The
neighbouring well Molln-1 encountered gas in the
Reichraming nappe, thus proving the availability
of hydrocarbons in the area.

HYDROCARBON DISCOVERIES IN THE
ALPS

The first o1l was discovered in sub-thrust
autochthonous Eocene sediments by the well
Kirchham-1, drilled in the Flysch Zone of Upper
Austria. A much larger, and commercially
exploitable accumulation is the Hoflein gas/con-
densate field located near Vienna which contains
ultimate recoverable reserves of some 7 - 10”7 m-
(250 BCF) Thus field 1s contained in autochthonous
Middle Jurassic dolomitic and cherty sandstone
and deltaic sandstones (Sauer et al., 1992) involved
mn a horst block which was overridden by Flysch
nappes (Encl. 1). Reservoir pressures are hydrosta-
tic: the gas contains a low percentage of CO5.

Griinau-1 was the first well spudded in the
Calcareous Alpine nappes which encountered an
autochthonous Mesozoic sequence and discovered
at a depth of more than 4800 m light oil in over-
pressured Early Cretaceous sandstones (Fig. 4).
Initial flow rates of more than 750 bbls/day
declined, however, rapidly and the well was aban-
doned. Similarly, the well Kirchdorf-1, drilled
north of Griinau-1. tested uncommercial quantities
of oil.

Within the Sub-Alpine Molasse of Upper Aus-
tria, the well Miihlreit-1, drilled by RAG, produced
considerable amounts of oil from overpressured
Oligocene sandstones before being abandoned. In
the Helvetic Zone of Vorarlberg, several intervals
of Middle Jurassic sandstones and Late Jurassic
carbonates yielded on test only gas shows and salt
water. For instance, the German well Hindelang-1.
which penetrated a long section within the Helvetic
Zone, tested from a 300 m interval in the Early
Cretaceous Schrattenkalk gas at flow rates of
3.7 MMCFF/day; after prolonged testing also this
well was abandoned.

In well Urmannsau-1, located in the Calcare-
ous Alps of Lower Austria, many oil shows were
observed; however, on test fractured Middle Trias-
sic dolomites yielded only salt water. Whether this
reservoir is oil bearing at a structurally higher loca-
tion is unknown.

The well Vordersee-1, drilled southeast of
Salzburg in the more simply structured part of the
Culcareous Alps. tested from Middle Triassic
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dolomites, sealed by the shales and tight sand-
stones of the Lunz formation, salt water only.

In contrast, the well Berndorf-1, drilled near
the western border of the Vienna Basin, penetrated
a very thick, complex sequence of Middle and Late
Triassic carbonates from which fresh water with a
maximum temperature of 45°C was tested down to
a depth of 4500 m. In combination with formation
water analyses from the Vienna Basin, this indi-
cates that meteoric waters can penetrate to great
depths in the Calcareous Alps, setting up a com-
plex and very active hydrodynamic system.

CONCLUSIONS

A distinction has to be made between the sub-
thrust autochthonous play and plays aimed at
allochthonous prospects.

Sub-thrust autochthonous prospects are locat-
ed in a depth range of 3000 to more than 6000 m.
This play has to contend with a distinet reservoir
risk. both in terms of the presence or absence of
Mesozoic and Eocene objectives and, with increas-
ing depth rapidly deteriorating reservoir character-
istics. However, suitable seals and trapping
conditions are available. Hydrocarbon charge
appears to be assured, although under the deeper
parts of the Calcareous Alps prospects are likely to
be gas prone. High formation pressures are com-
mon and there is little chance for reservoir flush-
ing. A further risk factor is the reflection-seismic
definition of drillable structures. In this respect, a
complex overburden velocity structure provides for
depth conversion uncertainties and thus impedes
the definition of closure of predominantly low
relief extensional structures: moreover, lopograph-
ic constraints on recording dense enough grids are
severe in the Calcareous Alps. In view of the above
the Sub-Alpine Molasse, the Flysch Zone and the
frontal parts of the of the Calcareous Alps must be
regarded as more prospective than the interior parts
of the latter where drilling cost are very high. This
is born out by the discovery of the Hoflein field in
the Flysch Zone and the results of the well Griinau-
I drilled near the northern margin of the Calcare-

ous Alps. The objective of future exploration is to
locate relatively high relief structures having a
large trap volume which, in case of success, could
justify economic field development .

Alochthonous plays have to contend in many
areas with good reservoir conditions but with a
poor seal and trap potential. Seal and trapping con-
ditions are thought to improve towards the frontal
and deeper parts of the Calcareous Alps. Hydrocar-
bon charge 1s provided by mature autochthonous
source-rocks and possibly by source-rocks con-
tained in the allochthonous units, Thick carbonate
series can be characterized by very active hydrody-
namic regimes involving meteoric waters; this
could prohibit the accumulation of commercial
quantities of hydrocarbons. In areas of near surface
steep dips, seismic resolution is poor. However,
although in area of relatively gentle dips seismic
resolution is adequate to define structures at deeper
levels, which may be protected from meteoric
water circulation, the rugged topography often pro-
hibits the recording of dense enough grids 1o estab-
lish 3-way closure of potentially prospective
structures. Surface geological information and the
construction of balanced cross-sections may go
some way to resolve the structural complexity of
the Alpine allochthon. However, in the face of
objective depths in the range of 4000 to 5000 m
and high drilling cost, prospects must be adequate-
ly defined before their evaluation by the drill can
be justified. The discovery of significant oil and
gas accumulation in the allochthonous units form-
ing the substratum of the Vienna Basin, highlight
the potential of this play. Similarly, results of the
well Hindelang-1 are encouraging for exploration
of the Helvetic zones.

Past exploration of the Austrian Alpine belt
was rewarded with only limited success due to
poor structural definition of prospects involving
either autochthonous or allochthonous series.
Although all ingredients for a successful explo-
ration play appear to exist, at least in some parts of
the Austrian Alps (Table 1). the risk/reward ration
must be considered as lop-sided under todays oil
and gas price scenario.

Acknowledgments— The authors thank their
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Exploration Criteria in Alpine Thrust and Subthrust Areas

Allochthonous Autochthonous

Calcareous Alps Helveticum, Molasse
Reservoir fair poor poor to fair
Seal poar fair fair
Trap poor fair fair
Hydrocarbons gas/condensate, oil. Toward south generation limit
Pressure normal high to normal mostly high
Seismic quality mostly poor fair to poor fair to poor
Drilling frequency very low low very low
Drilling depths 2000 - 5000 m 3000 - 5000 m 5000 - 7000 m
Drilling costs moderate to high moderate to high very high

TABLE 1

Ziegler and to Prof. S. Schmid for constructive and
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assisting the authors to finalize this manuscript is
gratefully aknowledged.

REFERENCES

Bachmann, G.H. and M. Miiller (1981). "Geologie der Tief-
bohrung Varderriss | (Kalkalpen)”, Bayern. Geol.
Bavarica, 81. pp. 17-53.

Bachmann, G:-H. and M. Miller (1991), The Molasse basin,
Germany: evolution of a classic petroliferous foreland
hasin. In Generation, accumulation and production of
Eurape’s hydrocarbons (Edited by Spencer, AM.),
Spec. Publ. Europ. Assoe. Petrol. Geal., Springer Ver-
lag. Berlin, Heidelberg, 1, pp. 263-276,

Bachmann, G.H., M. Miiller and K. Weggen (1987), “Evolu-
tion of the Molasse Basin (Germany, Swilzerland)”.
Tectonophysics, 137, pp. 77-92.

Brix, F. and A. Schultz (Eds.) (1993), Erdil und Erdgas in
Osterveich, 2nd. Ed. Nawrhist. Museum Wien and F.
Berger, Horn, 688 p.

Brix, F., A. Kroll and G. Wessely (1977), "Die Molassezone
und deren Untergrund in Niederosterreich”. Erdal-
Erdgas Z.. Spec. Issue 93, pp. 12-35,

Colins. E.. P. Niederbacher and R. Sauer (1990), “Kohlen-
wasserstoffexploration in Vorarlberg - Ergebnisse der
Bohrung Vorarlberg Au-1". Mitt. Osterr. Geol. Ges.,
Wien, 82, pp. 91-104

Eishacher, G.H., H-G, Linzer. L. Meier and R. Polinski
(1990). “A depth-extrapolated transect across the
Northern Calcareous Alps of West Tirol”. Eclog. geol.
Helv., 83, pp. 711-725,

Flugel, H-W. and P. Faupl (Eds.) (1987), Geodvnanmics of the
Eastern Alps. Deuticke. Vienna, 418 p.

Frisch. W, (1979), “Tectonic progradation and plate tectonic
evolution of the Alps”. Tectonophysics, 60, pp. 121-
134.

Frottzheim, N., S M. Schmid, and P. Conti {1994, “Repeated
change from crustal shortening to orogen-parallel
exlension in the Austroalpine units of Graubinden'™.
Eclog. geol. Helv., 87, pp. 559-621.

Geutebriick, E., W. Klammer. K. Schimunek, E. Steiger, E.
Strihl, G. Winkler and D. Zych (1984), “Oberflichen-
geophysikalische Verfahren im Rahmen der KW-
Exploration der OMV-AG". Erdil-Erdgas Z.. 100, 9,
np. 296-304.

Source . MNHN Parns



PERI-TETHYS MEMOIR 2: ALPINE BASINS AND FORELANDS 303

Griin, W. (1984), “Die Erschliessung von Lagerstitten im
Untergrund der alpin-karpatischen Stirnzone
Niederosterreichs”. Erdil-Erdgas Z.. 100, 9, pp. 292-
295.

Janoschek, W.R. and A. Matura ( 1980), *Outline of the Geol-
ogy of Austria”. Abh. Geol. BA., Wien, (26th C.G.1),
34, pp. 7-98.

Kollmann, K. and O. Malzer (1980), Die Molassezone
Oberdsterreichs und Salzhurgs. In Erddl und Erdgas in
Oesterreich (Edited by Bachmayer, F.). Naturhist.
Museum Wien and F. Berger, Horn. pp, 179-201.

Hamilton, W. (1989), Geologische Ergebnisse von Tief-
bohrungen im Flysch und Kalkalpin zwischen Wien
und Salzburg, In Filrer zur Exkursion der Osterre-
ichischen Geologischen Gesellschaft. Osterr. Geol.
Ges., Wien, 55 p.

Krill, A. (1980a), Die Molassezone Niederosterreichs. In
Erdal und Erdgas in Oesterreich (Edited by Bachmay-
er, F.), Naturhist. Museumn Wien and F, Berger. Horn.
pp- 202-212.

Krill, A. (1980b). Das Wiener Becken. In Erddl und Erdeas
in Qesterreich (Edited by Bachmayer, F.), Naturhist.
Museum Wien and F. Berger. Horn, pp. 147-179.

Krill, A. and G. Wessely (1967), “Neue Erkenntnisse iiber
Molasse, Flysch und Kalkalpen aufgrund der Ergeb-
nisse der Bohrung Urmannsau 1", Erddl-Erdgas Z.., 83,
pp. 342-353,

Kroll, A.. K. Schimunek and G. Wessely (1981), “Ergebnisse
und Erfahrungen bei der Exploration in der Kalkalpen-
zone in Osterreich”™. Erdol-Erdgas Z., 96, 4, pp. 134-
148.

Ladwein, H-W. (1988), “Organic geochemistry of the Vienna
Basin: model for hydrocarbon generation in overstrusi
belts™. Am. Assoe. Perrol. Geol. Bull., 72, pp. 586-594.

Miller, M. (1985a). “Maderhalm 1 und Kierwang | - Zwei
Tietbohrungen in das Helvetikum des bayrischen All-
gius". Jahrb. Geol Bundesanstalt, Wien, pp. 639-641.

Miiller, M. (1985h), “Tiefbohrung Sulzberg |, Geologische
Karte der Reppublik Osterreich, 1:25.000, Erliiuterun-
gen zu Blatt 83, Sulzberg”. Geol, Bundesanstalt, Wien,
pp. 17-18.

Miiller, M., F. Nieberding and K. Weggen (1992). Hindelang
| (Bavarian Alps): A Deep Wildcat with Implications
for Future Exploration in the Alpine Thrust Belt, Tn
Generation, accwmulatton and production of Europe’s
hydrocarbons (Edited by Spencer, AM.), Enrop..
Assoc. Petrol. Geol., Springer Verlag. Berlin, Heidel-
berg, Spec. Publ., 2, pp. 185-192.

Neubauer, F. {1994}, “Kontinentkollision in den Ostalpen”.
Geawissenschaften, 12, pp, 136-140.

Nachtmann, W. and L. Wagner (1987), “Mesozoic and Early
Tertiary evolution of the Alpine fareland in Upper Aus-
tria and Salzburg, Austria®. Tectonophysics, 137, pp.
61-76.

Oberhauser, R, (Ed.) (1980), Der gealogische Aufbau Oster-
reichs. Abh. Geol. B.A., Wien, Springer Verlag, Wien,
New York, 700 p.

Polesny. H. (1983), “Verteilung von Ol- und Gasvorkommen
in der oberdsterreichischen Molasse”, Erdil-Erdgas 7.,
99, pp. 90-102,

Ratschbacher, L., W. Frisch, H-G. Linzer and 0. Merle
(1991}, "Lateral extrusion in the Bastern Alps. part 2.
structural analysis™. Tectonics, 10, pp. 257-271.

Ring. U., L. Ratschbacher, W, Frisch. D, Biehler and M. Kra-
lik (1989), “Kinematics of the Alpine plate margin:
structural styles. stain and motion along the Penninic-
Austroalpine boundary in the Swiss-Austrian Alps™, .J.
geol. Soc., London, 146, pp. 835-846.

Saver. P, P. Seifert and G. Wessely (1992). Guide book to
geological excursions in Eastern Austria. Mitt. Osterr,
Geol. Ges.. Wien, 85, 264 p.

Tollmann, A (1973). Grundprinzipien der alpinen Decken-
tekronik. Yerlag Deuticke, Wien. 404 p,

Tollmann. A. (1976a), Der Bau der Ndrdlichen Kalkalpen.
Verlag Deuticke, Wien, 449 p,

Tollmann, A. (1976b), Analvse des kiassischen navdalpinen
Mesazaikums. Verlag Deuticke. Wien, 580 p.

Tollmann, A. (1985), Geologie von Osterrcich, Band 2, Ver-
lag Deuticke, Wien. 710 p.

Wachtel, G. and G. Wessely (1981), "Die Tiefbohrung Bern-
dorf 1 in den dstlichen Kalkalpen und ihr geologischer
Rahmen”. Mirt. Osterr, Geol, Ges.. Wien, 74-75, pp.
137-165.

Wessely, G. (1987), “"Mesozoic and Tertiary evolution of the
Alpine-Carpathian foreland in eastern Austria”,
Tectonophysics, 137, pp. 45-59.

Wessely, G. (1988}, “Der Tiefenaulschluss im Wiener Beck-
en und in der Molassezone als Ausgangspunkt [ir die
Alpenexploration in Osterreich™. Erdol, Erdgas, Kohle,
104, 11, pp. 440-446,

Ziegler, P.A (Ed ) (1987), Compressional intra-plate delor-
marions in the Alpine foreland. Tectonophysies, 137,
420 p.

Source

MMNHN FParns



304 W. ZIMMER & G. WESSELY: AUSTRIAN ALPS

Ziegler, P.A. (1990), Geological Arlas af Western and Cen-
tral Europe, Ind. Ed. Shell Internationale: Fetroleum
Mij. B.V.. distrib. by Geol. Soc. Publ, House. Bath. 239

P
Zych, D, (1984), “Oberflichengcophysikalische Verfahren

im Rahmen der KW-Exploration der OMV AG™.
Erdiil-Erdgas Z., 100, 9, pp. 296-304.

Enclosure

Encl. 1 Regional cross-sections through Flysch-
Kalkalpen

Zych, D. (1988). “30 Jahre Gravimetriemessungen der OMV
Aktiengesellschaft in Osterreich und ihre geologisch-
vephysikalische Interpretation™. Arch. Lagerstdtten
Forschung, Geol. Bundes Anstalr, Wien, Vol. 9, pp.
155-175.

Source MNHN Pars



